Introduction
============

Regional nerve blockade has become widely applied for orthopedic surgery. Its reported advantages include reduced opioid requirements, earlier ambulation and hospital discharge, enhanced rehabilitation, and less frequent persistent postsurgical pain.[@b1-lra-9-059]

Obtaining informed consent for a regional nerve block involves a detailed discussion of the technique, risks/benefits, and expectations with a patient who may be unaware of its planned use for postoperative analgesia. This can lead to confusion and anxiety in a patient expecting only general anesthesia.[@b2-lra-9-059] Preoperative multimedia information can reduce the anxiety of surgical patients undergoing regional anesthesia.[@b3-lra-9-059]

Furthermore, the time needed for adequate patient education and consent can result in case delays on the day of surgery. Because they perceived that our regional anesthesia pain service (RAPS) was causing excessive surgical case delays, three high-volume orthopedic surgeons at our institution demonstrated an increasing unwillingness to have a preoperative block performed on their patients for postoperative analgesia. An identified solution was to undertake the patient informed consent process for a regional analgesia block prior to the day of surgery.

No data have been published on the benefits of obtaining patient consent for regional analgesia blockade prior to the day of surgery. The primary aim of this study was to assess the effect of the regional analgesia block consent process occurring prior to the day of surgery. We hypothesized that implementing a preoperative electronic surgical order, in addition to undertaking patient education and obtaining informed consent for a regional analgesia block, prior to the day of surgery in our Preoperative Assessment, Consultation, and Treatment (PACT) Clinic would 1) reduce the surgical case delays attributed to our RAPS and 2) increase the percentage of patients of our three high-volume orthopedic surgeons for whom our RAPS provided a block.

Methods
=======

This continuous quality improvement study was approved by the University of Alabama at Birmingham (UAB) Institutional Review Board (IRB) (E110311001). This study was granted exempt status by the UAB IRB because the research involved existing data from January 1, 2013, through February 28, 2015, and involved minimal risk to the study participants. A waiver of informed consent documentation was granted by the UAB IRB. This study was an observational (before and after) care redesign study. It was not a prospective clinical trial and hence was not registered.

A two-group time-series design, with a nonrandomized, pre- and post-intervention data collection strategy, was applied in this prospective observational study.[@b4-lra-9-059] The primary outcome was a regional nerve block-related orthopedic surgical case delay. The secondary outcome was whether an orthopedic surgery patient deemed eligible for a regional nerve block was requested to receive a block by one of the three high-volume orthopedic surgeons. These three high-volume surgeons were collectively performing \~1,700 cases/year.

In our pre-intervention study group (N=388, 12-month period from January 1, 2013, to December 31, 2013), an ad hoc discussion occurred on a case-by-case basis, on the day of surgery, between the attending anesthesiologist assigned to our RAPS and the orthopedic surgeon, to determine whether a patient was a candidate for a nerve block for postoperative analgesia. The patient was then approached and educated about the potential nerve block. Patient written informed consent for this block was then obtained on the day of surgery.

Our new preoperative electronic surgical order, patient education, and consent processes were developed in 2013 and were implemented and piloted in January and February 2014. In our post-intervention study group (N=425, 12-month period from March 1, 2014, to February 28, 2015), as part of their electronic preoperative order set completed in their clinic, our orthopedic surgeons requested that their elective surgical patients, who were deemed eligible, receive a single-dose or a continuous catheter nerve block for postoperative analgesia. These patients were then identified by our PACT Clinic nursing staff, who initiated the new patient-centered process.

While in our PACT Clinic, to facilitate their informed consent process, all so-identified patients were educated about regional analgesic blockade by watching an Apple iPad^®^ Inc.'s (Cupertino, CA, USA) based video and receiving an informational brochure. The attending anesthesiologist in the PACT Clinic then answered any remaining patient questions and obtained the patient's written informed consent for the block. The patient was noted on the operating room schedule as having been ordered to receive and consented for a nerve block. On the day of surgery, the attending anesthesiologist assigned to the dedicated RAPS confirmed the patient's continued desire for a nerve block and answered any remaining patient questions before proceeding.

There were no other changes in the RAPS process "between" the pre- and post-intervention study periods, including no change in its attending/resident staffing ratios; no change in the nerve block-related location, allocated space, equipment, or support staff; no earlier morning shift start time by the regional block team; and no standardized earlier arrival and check-in of our surgical patients. The same day surgery nurse's patient intake and the surgeon's 24-hour update and site-marking processes were also unchanged.

We focused on delays in first case on-time starts, as this was an organizational initiative to improve. A surgical case was defined as delayed if it started \>5 minutes after the posted/scheduled time. One of the six possible causes for all surgical case delays (surgeon, patient, operating room, anesthesia, preoperative nursing, or RAPS) was assigned by the circulating surgical nurse and confirmed by the Director of Perioperative Services, in a consistent manner in both the study groups. There was no more specific definition or focus on the assignment of case delay after January 2014. Data were abstracted from our institutional administrative (GE Centricity™ Business; GE Healthcare Bio-Sciences Corp., Piscataway, NJ, USA) and electronic medical record (PowerInsight^®^; Cerner Corp., Kansas City, MO, USA) sources.

Statistical analysis
--------------------

Although this new preoperative regional block electronic order and new patient education/consent program included all of our orthopedic surgeons, for the comparison of the regional anesthesia service consult request rates, only data from the subset of the three targeted high-volume orthopedic surgeons were analyzed.

Continuous variables were reported using mean and standard deviation, or if the data were skewed as a median and interquartile range. Parametric continuous demographic data were compared between groups using a *t*-test with non-equal variances. Nonparametric data were compared using a Mann--Whitney *U*-test. Categorical variables were reported using frequency counts and percentages. Categorical data were compared between groups using a chi-square test or Fisher's exact test when indicated. A *P*-control chart was generated to assess the proportion of block-related delays in the entire study sample.

A logistic regression model was created with the dependent variable being nerve block-related delay (yes/no) to evaluate the effect of being in the post- vs pre-intervention group, adjusting for the covariates of location of the nerve block (upper extremity or lower extremity), the type of nerve block (single dose or continuous perineural catheter), and whether ultrasound guidance (yes/no) was used to perform the nerve block.

Continuous data were assessed for normality with a Shapiro--Wilk test and by examining *Q*--*Q* plots, and if nonparametric, they were analyzed as such. No a priori sample size determination and power analysis were performed. For all univariate and logistic regression analyses, a *P*-value of \<0.05 was considered significant. Statistical analyses were performed using SAS^®^ Version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results
=======

There were no statistically significant differences in the demographic and clinical characteristics between the enrolled pre- and post-intervention study group patients ([Table 1](#t1-lra-9-059){ref-type="table"}). We observed a significant 14.8% (95% CI: 9.4%, 20.1%; *P*\<0.001) "absolute" decrease in surgical case delays, attributed to the regional nerve block, in the post-intervention group compared to the pre-intervention group. This represented a 56% "relative" decrease in regional nerve block-related surgical case delays. A *P*-control chart demonstrated a major chronological decrease in statistical variation and correction of special cause variation in the regional nerve block-related surgical case delays for the entire study sample ([Figure 1](#f1-lra-9-059){ref-type="fig"}). In addition, there was a 9.9% (95% CI: 4.7%, 15.1%); *P*\<0.001) absolute increase in the proportion of patients for whom a regional nerve block was requested by our three high-volume orthopedic surgeons in the post- vs pre-intervention time periods ([Table 2](#t2-lra-9-059){ref-type="table"}). This represented a 15% relative increase in the proportion of regional block patients.

Our logistic regression analysis indicated that while controlling for the covariates, block-related surgical case delays in the post-intervention group were 64% less likely compared to our pre-intervention group (adjusted odds ratio \[aOR\] =0.36; 95% CI: 0.25, 0.52; *P*\<0.001). Patients who received a single-dose nerve block were 47% less likely to experience a block-related surgical case delay compared to patients who received a continuous catheter nerve block (aOR =0.53; 95% CI: 0.35, 0.80; *P*=0.002). The use of ultrasound guidance (aOR =0.83; 95% CI: 0.6, 1.2; *P*=0.38) and the location (upper extremity vs lower extremity) of the nerve block (aOR =1.0; 95% CI: 0.7, 1.5; *P*=0.806) were not associated with a significant decrease in block-related surgical case delays ([Table 3](#t3-lra-9-059){ref-type="table"}).

Discussion
==========

The potential benefits of regional nerve blockade may be unrealized by surgeons concerned with surgical delays due to block performance. A relative decrease of \>50% in regional nerve block-related surgical case delays was observed in our post-intervention group compared to our pre-intervention group. In addition, there was a 15% increase in the proportion of patients for whom a regional block was requested by our three high-volume surgeons in post- vs pre-intervention periods. These results support that the combination of 1) placing a preoperative electronic surgical order and 2) undertaking patient education and obtaining informed consent for a regional analgesia block prior to the day of surgery, reduces surgical case delays attributed to a RAPS, with a concomitant increase in consults requested by orthopedic surgeons.

The triple aim of health care, as espoused by Berwick et al[@b5-lra-9-059] and the Institute for Healthcare Improvement, includes[@b6-lra-9-059] 1) improving the individual experience of care, 2) improving the health of populations, and 3) reducing per capita costs of care. Achieving these three aims will likely become more important with the advent of value-based perioperative care and expanded pay-for-performance metrics and reimbursement.[@b7-lra-9-059],[@b8-lra-9-059]

Patient-centered care and shared decision making[@b9-lra-9-059],[@b10-lra-9-059] are receiving greater attention in the perioperative setting.[@b11-lra-9-059],[@b12-lra-9-059] One practical example is increasing the patient-centered nature of informed consent for procedures. However, a recent study of the quality of informed consent found that prior to a major surgery, 13% of patients could not recall the procedure to be performed, its indications, risks, or alternatives.[@b13-lra-9-059] Furthermore, 33% of patients reported that the decision to proceed did not address their preferences, values, or goals.[@b13-lra-9-059] In contrast, undertaking the regional block consent process before the day of surgery may be better, as it gives patients more time to reflect and to ask questions, as well as to consider their analgesic options, vs if consented on the day of surgery. Moving this patient consent process to a preoperative assessment clinic is consistent with the triple aim of health care of improving the individual experience of care.

A practical, easy-to-remember three-step shared decision-making model has been proposed that can be translated to regional and neuraxial analgesia.[@b14-lra-9-059] This model has three steps: 1) introducing choice, 2) describing options, often by integrating the use of patient decision support tools, and 3) helping patients explore their preferences and make decisions. This shared decision-making model relies upon supporting a process of deliberation and understanding that decisions be predicated on "what matters most" to the patient.[@b14-lra-9-059] The present study involved creating and implementing preoperative multimedia patient educational materials as decision support tools. This type of information is easily delivered and can benefit many patients.[@b3-lra-9-059]

Serious neurological complications, including permanent neurological deficits, which are directly related to regional anesthesia/analgesia, continue to be extremely rare.[@b15-lra-9-059] This is partly attributable to the growing use of ultrasound guidance for regional anesthesia/analgesia over the past 20 years, with an attendant greater number of anesthesiologists trained to use ultrasound guidance.[@b16-lra-9-059]--[@b18-lra-9-059] Peripheral nerve blocks are also associated with one or a combination of reduced postoperative pain, reduced opioid consumption, or increased patient satisfaction.[@b19-lra-9-059] As we experienced in our present cohort of patients, there has been a national trend of increased utilization of peripheral nerve blockade for postoperative pain manangement.[@b20-lra-9-059] This is consistent with the triple aim of health care of "improving the health (outcomes) of the (surgical) population".

While we did not undertake a formal cost--benefit analysis, it would intuitively appear more efficient and cost-effective to utilize a preoperative outpatient clinic venue rather than same-day surgery setting to educate patients about and to obtain informed consent for a regional analgesia block. A survey of US hospitals demonstrated that the average cost per minute of operating room time was \$62.[@b21-lra-9-059] Our new regional analgesia process could thus result in \$360 (5 minutes) to \$1080 (15 minutes) cost savings per case. As facility with peripheral nerve blocks further improves, utilization of blocks may further increase, enhancing this cost--benefit. This is consistent with the triple aim of health care of "reducing per capita costs of care".

In addition to examining other ways to reduce surgical delays due to regional analgesia, efforts to further improve the individual patient experience with regional analgesic blockade represent potential research topics. These include 1) comparing anxiety and satisfaction in patients consented prior to vs on the day of surgery; 2) identifying and reducing learning and language barriers in the informed consent process; 3) optimizing preoperative patient education and health literacy; and 4) implementing culturally sensitive and language-specific, tablet-based decision support tools. These latter two topics would afford the opportunity to create and implement additional, more refined and focused preoperative multimedia patient education materials. Finally, given the repetitive and standardized nature of the present patient education and consent process, it could be incorporated and studied as an element of a surgical checklist.

A potential limitation of our study was misclassification bias of the cause of a surgical delay by the nonimpartial circulating surgical nurse; however, the cause of every so-noted delay was confirmed by the ostensibly impartial Director of Perioperative Services. A Hawthorne effect may have occurred if the preoperative providers changed their behavior, knowing their performance was being evaluated. However, these clinical providers were "not" informed of the additional purpose of the existing, longitudinal operational data collection.

Our study would have been strengthened if we had collected data on the throughput time for the entire patient encounter on the day of surgery by our RAPS. Unfortunately, given the existing, predetermined timestamps in our electronic medical record, this discrete time epoch could not be validly determined as an outcome variable.

Conclusion
==========

When performed before the day of surgery, an electronic surgical order, patient education, and informed consent for regional blockade for postoperative analgesia are associated with reduced block-related operating room delays. A preoperative management clinic can serve as a venue to achieve this objective, thereby adding value by decreasing delays on the day of surgery. This more judicious use of time, money, and personnel is another measurable benefit of a full-service preoperative management clinic. This approach also likely enhances the two important constructs of patient-centered care and shared decision making.
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###### 

Demographic and clinical characteristics of study subjects

  Variable                                  Pre-intervention group (N=388)   Post-intervention group (N=425)   *P*-value
  ----------------------------------------- -------------------------------- --------------------------------- -----------
  Age, mean ± SD                            55.7±15.3                        57.2±14.9                         0.154
  Sex, N (%)                                                                                                   0.781
   Female                                   230 (59)                         256 (60)                          
   Male                                     158 (41)                         169 (40)                          
  Race, N (%)                                                                                                  0.488
   African American                         81 (21)                          99 (23)                           
   Caucasian                                301 (77)                         315 (74)                          
   Hispanic                                 5 (1)                            5 (1)                             
   Other                                    1 (\<1)                          6 (2)                             
  Surgical procedures,                                                                                         0.775
  N (%)                                                                                                        
   Upper extremity                          132 (34)                         149 (35)                          
   procedure vs lower extremity procedure   256 (66)                         276 (65)                          
  Type of block, N (%)                                                                                         0.941
   Single dose                              146 (38)                         161 (38)                          
   Continuous catheter                      242 (62)                         264 (62)                          
  Ultrasound guidance                       145 (37)                         127 (30)                          0.024

###### 

Regional nerve block-related primary process outcomes for three high-volume surgeons

  Variable                                         Post-intervention group   Pre-intervention group   *P*-value
  ------------------------------------------------ ------------------------- ------------------------ -----------
  Patients eligible for a block, N                 576                       550                      
  Eligible patients who received a block, N (%)    388 (67.4)                425 (77.3)               \<0.001
  Block patients with surgical case delay, N (%)   103 (26.6)                50 (11.8)                \<0.001

###### 

Univariate and multivariate regression OR for surgical case delay

  Variable                                             Crude OR (95% CI)   *P*-value   aOR (95% CI)        *P*-value
  ---------------------------------------------------- ------------------- ----------- ------------------- -----------
  Post-intervention group vs pre-intervention group    0.37 (0.26--0.54)   \<0.001     0.36 (0.25--0.52)   \<0.001
  Single-dose block vs continuous catheter             0.52 (0.35--0.77)   0.001       0.53 (0.35--0.80)   0.002
  Ultrasound guidance (yes vs no)                      0.80 (0.54--1.17)   0.240       0.83 (0.56--1.25)   0.371
  Location of nerve block (lower vs upper extremity)   1.09 (0.75--1.58)   0.652       1.05 (0.71--1.54)   0.806

**Abbreviations:** aOR, adjusted odds ratio; OR, odds ratio.
